theorems of them are also proved. We hope that these results will be useful for future study on neutrosophic soft topology to carry out a general framework for practical applications.
Preliminaries
In this section we now state certain useful definitions, theorems, and several existing results for neutrosophic soft sets that we require in the next sections.
Definition 2.1 [13] A neutrosophic set A on the universe set X is defined as:
where T, I, F : X →]
− 0, 1
Definition 2.2 [10] Let X be an initial universe, E be a set of all parameters, and P (X) denote the power set of X. A pair (F, E) is called a soft set over X, where F is a mapping given by F : E → P (X) . In other words, the soft set is a parameterized family of subsets of the set X . For e ∈ E, F (e) may be considered as the set of e -elements of the soft set (F, E), or as the set of e -approximate elements of the soft set, i.e. (F, E) = {(e, F (e)) : e ∈ E, F : E → P (X)} .
After the neutrosophic soft set was defined by Maji [9] , this concept was modified by Deli and Broumi [7] as given below:
Definition 2.3 [7]
Let X be an initial universe set and E be a set of parameters. Let P (X) denote the set of all neutrosophic sets of X . Then a neutrosophic soft set (
F , E
) over X is a set defined by a set valued function F representing a mapping F : E → P (X), where F is called the approximate function of the neutrosophic soft set (
) . In other words, the neutrosophic soft set is a parametrized family of some elements of the set P (X) and therefore it can be written as a set of ordered pairs:
x, T F (e) (x), I F (e) (x), F F (e) (x)
where T F (e) (x), I F (e) (x), F F (e) (x) ∈ [0, 1] are respectively called the truth-membership, indeterminacy-
membership, and falsity-membership function of F (e). Since the supremum of each T, I, F is 1 , the inequality
0 ≤ T F (e) (x) + I F (e) (x) + F F (e) (x) ≤ 3 is obvious.
Definition 2.4 [5] Let
(
F , E
) be a neutrosophic soft set over the universe set X. The complement of
is denoted by (
) c and is defined by:
x, F F (e) (x), 1 − I F (e) (x), T F (e) (x)
It is obvious that
) .
Definition 2.5 [9] Let (

F , E
) and
be two neutrosophic soft sets over the universe set X .
) is said to be a neutrosophic soft subset of
∀e ∈ E, ∀x ∈ X . It is denoted by
) is said to be neutrosophic soft equal to
is a neutrosophic soft subset of (
G, E
is a neutrosophic soft subset of
Neutrosophic soft points and their properties
Definition 3.1 Let
be two neutrosophic soft sets over the universe set X . Then their union is denoted by
and is defined by:
where
} .
Definition 3.2 Let
be two neutrosophic soft sets over the universe set X . Then their intersection is denoted by
Definition 3.3 A neutrosophic soft set (
F , E
) over the universe set X is said to be a null neutrosophic soft set if T F (e) (x) = 0, I F (e) (x) = 0, F F (e) (x) = 1; ∀e ∈ E, ∀x ∈ X . It is denoted by 0 (X,E) .
Definition 3.4 A neutrosophic soft set
over the universe set X is said to be an absolute neutrosophic soft set if T F (e) (x) = 1, I F (e) (x) = 1, F F (e) (x) = 0; ∀e ∈ E, ∀x ∈ X . It is denoted by 1 (X,E) . 
It is clear that every neutrosophic set is the union of its neutrosophic points. 
Definition 3.11 Let
) be a neutrosophic soft set over the universe set X. We say that x
read as belonging to the neutrosophic soft set 
Definition 3.12 Let (X, τ, E) be a neutrosophic soft topological space over X . A neutrosophic soft set
Conversely, let
) is a union of neutrosophic soft open sets and hence
The neighborhood system of a neutrosophic soft point x
, is the family of all its neighborhoods. 2 Theorem 3.14 The neighborhood system Ų
has the following properties:
, then there exists a
Proof The proof of 1), 2), and 3) is obvious from Definition 3.12.
, then there exists a neutrosophic soft open set
. From Proposition 3.13, 
neutrosophic soft points if and only if
x ̸ = y or e ′ ̸ = e.
Neutrosophic soft separation axioms
In this section, we consider neutrosophic soft separation axioms and neutrosophic soft topological subspace consisting of distinct neutrosophic soft points of neutrosophic soft topological space over X. ) and ) and
and ) and
) and 
)} , where 
) , } , is a neutrosophic soft topology over X. Hence, (X, τ, E) is a neutrosophic soft topological space over X. Also,
Theorem 4.5 Let (X, τ, E) be a neutrosophic soft topological space over X . Then (X, τ, E) is a neutrosophic soft T 1 -space if and only if each neutrosophic soft point is a neutrosophic soft closed set.
Proof Let (X, τ, E) be a neutrosophic soft T 1 -space and x e (α,β,γ) be an arbitrary neutrosophic soft point. We
show that
are distinct neutrosophic soft points. Hence, x ̸ = y or e ′ ̸ = e.
Since (X, τ, E) is a neutrosophic soft T 1 -space, there exists a neutrosophic soft open set
) c . This implies that Suppose that each neutrosophic soft point x e (α,β,γ) is a neutrosophic soft closed set. Then
) c and
Theorem 4.6 Let (X, τ, E) be a neutrosophic soft topological space over X . (X, τ, E) is a neutrosophic soft
Proof Let x e (α,β,γ) and y e ′ (α ′ ,β ′ ,γ ′ ) be two neutrosophic soft points in neutrosophic soft T 2 -space (X, τ, E) .
Then there exist disjoint neutrosophic soft open sets
Next suppose that, for distinct neutrosophic soft points x e (α,β,γ) , y
F , E
and y
Hence, we have y
, and
is a neutrosophic soft T 2 -space. 
E) is called a neutrosophic soft regular space. (X, τ, E) is said to be a neutrosophic soft T 3 -space if it is both a neutrosophic
soft regular and neutrosophic soft T 1 -space. 
is a neutrosophic soft T 3 -space for the neutrosophic soft point x e (α,β,γ) and neutrosophic soft closed set
) c is a neutrosophic soft closed set,
) be a neutrosophic soft closed set. Thus,
and from the condition of the theorem, we have x
is a neutrosophic soft T 3 -space. 
) and and neutrosophic soft open set
Proof
Let (X, τ, E) be a neutrosophic soft T 4 -space,
) be a neutrosophic soft closed set, and
) c is a neutrosophic soft closed set and
Since (X, τ, E) is a neutrosophic soft T 4 -space, there exist neutrosophic soft open sets
be two disjoint neutrosophic soft closed sets. Then
. From the condition of theorem, there exists a neutrosophic soft open set
Thus,
are neutrosophic soft open sets and
and
Definition 4.13 Let (X, τ, E) be a neutrosophic soft topological space over X and
} is said to be neutrosophic soft topology on (
F , E
is called a neutrosophic soft topological subspace of (X, τ, E) . ) and
) ,
, and ((
)) = 0 (X,E) . This implies that
) is a neutrosophic soft T 4 -space. 2
Conclusion
Neutrosophic soft separation axioms are the most important and interesting concepts via neutrosophic soft topology. We have introduced neutrosophic soft separation axioms in neutrosophic soft topological spaces, which are defined over an initial universe with a fixed set of parameters. We further investigate some essential features of the initiated neutrosophic soft separation axioms. We hope that these results will be useful for future studies on neutrosophic soft topology to carry out a general framework for practical applications. Applications of neutrosophic soft separation axioms in neutrosophic soft topological spaces can be investigated in decisionmaking problems.
